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Summary

SCC Review

EMAT and Approach Review
L2l Setlp

[Lale) Resuliis

Stimman/and Euitre\Work




DOE EMAT Project Goals

Prototype IL| system to detect and grade
Stress Corrosion Cracking (SCC) In Gas
Plpelines




What’ s the problem ?

Difficulties Posed By SCC
Axially oriented
Narrow (sometimes |ess open than .01”)
Can occur In families ofi snort cracks

Can e fillediwith corrosion materials
On euiside el the pipe
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What’ s the problem 77?

Difficulties Posed By Gas
No contact gives poor to ne acoustic coupling

Diffiiculties iin the pipe

Y\ ean
MiUss diseriiminaie ameng other kinds of defects
VelUmineus caie
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SCC Example 1

Axia and Narrow SCC

Magnetic
Particle
Photo

Ultrasonic
Shear Scan

Darker = higher reflection coeff.
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SCC Example 2

Axial SCC Families
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Approach
EXxcite acoustic guided waves (nearly trapped modes)
Measure their transmission and reflection amplitudes
Excite and receive with EMATS
Use different waves (modes), of which the
Energy concentration off each mode dififers through the wall
[0 enalble defect grading| & aiscriimination

/SCC

| ncident wave and reflection
measurement Transmission measurement
Transmitter Receiver Receiver
EMAT EMAT




Two Kinds of Generic Modes;
SH and SV Vibration Waves

> Propagation
Direction

B0l Ve siieRg Cliack Interactions
SiHAGVaRiIages|(1n theory)

[SEssiallentaen duetein plane metion)
SiifpPIecackiInteraclions; |ess conversion to other modes
INGI@HIIESS GIISPErSIenS
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EMAT :
Electro-M agnetic AcousticTransducer

| aunches ultrasonic waves In metal

Doesn’' t need contact or fluid coupling but should
e close 1o the conducting surface

Good for detecting/evaluating defects

Canliaunchisnear Weaves
[E25)// 10 elialnCIrCUnerential aiectivity

Aldlificulttecanelieay, unlike piezo

IDUENE;
oW efileleney
NI peWErreguirements
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ElectroMagnetic Acoustic
Transducer (EMAT)

EMAT requires
Static magnetic bias field
Coupling coil driven by
AC (moderate firegs.) coll power fior AC magnetic field
\Viateriall excited msut lbe electrically conducting

ESSENTIAL EMAT ELEMENTS

EMA
T colt MAGNETIC

FIELD
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Two Kinds of EMAT Physics

Lorentz Magnetostriction
(asin IoudspeakerS) (asin early sonars or transformer noise)

Current

/Eddy /'

/

e

Elongation
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Lorentz EMAT

Field Perpendicular to Pipe

L ORENTZ: (F=J X B)
EMAT cail MAGNET

Eddy current paths

e

Lorentz forces
& strains
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Magnetostrictive EMAT

Field Axia or Circumferential in Pipe Plane

EMAT caoail

Dynamic field, Hg

- b
Effective field, H.,

Magnetostriction, H ”
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EMAT Challenges

Choice of Lorentz or Magnetostrictive

Cholce of wave modes to probe with
Freguency and transducer parameters
Good SNR and crack sensitivity: fior pipes
Attenuations & dispersion (fem coatings)

[PractiCall 2SPECHS o) PIgS
Sensitivity/ terstandefi: andimaterials
Weara: reliaaniiy

PeakipeWEr reguirements
Speed effiects
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DOE EMAT Project Goals

Phase 1

Optimize & practicalize EMAT
Sensor/measurement with lab work

Mouse and Mule pullitests & related systems

develepment

Phase 2

Pretetypelltl system for SCC
Jest/ evaluate in a customer line
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| ab Systems Improvements
Conformable, more efficient colls (in house)

Efficient, low noise coupling and amplification
SNRs; SV1=80 SH0=20
Miagnetic biasing and Instiumentation now

provide flexiDinyAEgpYESIPE S

~

Conformable
EMAT Coils
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|_ab Work

Basic transducer parameters & sensitivity,
SNR, Insertion Loss, Liftoff sensitivity, Beamwidth

Vlan-made crack Interactions
Transmission and reflection

SCC interactions
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EMAT Lab Geometry
(PlanarTesting )

Transmit and receive EMATS
Transducer sensitivity evaluations
Crack reflections and transmission
Side reflections

Transmitter RECEIVer Receiver
EMAT EMAT EMAT

T R R

e
e N

A

333000

CccccccC

Machined crack
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EMAT-to-EMAT: SV1 example trace

transmitte
signal
reflected signals
AN

/N
\}H\ [

il

\
MJNWM\|\\|‘\|.I. N | T .igllw'.ﬂ
ll e "y

Insertion loss » 120 dB

M ax. SNR achieved 60:1




Best Modes to Pursue at this time

Magnetostrictively generated
IMagnetic bias separate from the coll
Implies lighter , simpler transducer head
Skin depth saturation > simpler bias schemes
SH > Axial magnetizer SV > Circumferential

SHVAE
Best SNR,

[Denensiratied| Cliack Sensitivity

SHO

[E@W GIISPESIeN & aitenualien,
[RECOMIMERUEMICrack fior Interaction

OiERMeEEsIIe asiappealing
NI0e Gy erhIgRTRreguency. or too long wavelength
Vi haveieeimuch aientation or modal interferences
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Man-made Crack Interactions
SV1

Actua > Prediction due to mode conversion
Effect OK but complicates interpretation

on and reflection coefficients results for SV1

.SV1 Crack transmission and reflection vs. crack d

SHO
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Moda measurements & sensitivities
(liftoff, tilt, beam width)

IHas awide beam, (boeth advantage &
disadvantage)
- ow/ spreading|andiliew: axiall sampling
Reducead short crack sensitivity and resol ution,

Noside lehes
Lift off sensitive

1 or 2 mmiof lifitoff
SeMeEliEsEasitivIty,
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Possible EMAT Configuration

| ncident wave and reflection

Transmitter measurement
Echo Recelver

Transmission measurement




Scanning direction: distance
scanned 250mm (10 in), in
10 steps of 25mm (~1in) —
gives 11 data points

SO

scope capture of transmitted signal across
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SCC Defect Scans

Y

Conventional US acoustic ~ SV1 (470 kHz) Thru Transmission
ANDSCANLC image Strong effects seen so far !!
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SCC Scan For SV 1 Reflections

Scanning direction: distance

scanned 250mm (10 in), in

10 steps of 25mm (~1in) — ,Defect FO3

gives 11 waveforms /70mm x 60 mm
15 -20%

direct signal

Response from defects
crectsion: |
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Pig Prototype Circuits

Pig preamp compact prototypes
L ow power, broad band, very low electronics only noise
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Near Future EMAT Goals

Complete design/build for pull tests

Transducers, meunts, magnetic biasing
Drive/recave el ectronics

RURA PUlFEsS
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